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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a silicon semiconductor substrate which has a high 
quality defect-free layer having sufficient depth at the surface area of the substrate, being 
used as the device forming area, and excellent in gettering ability, and to provide a method 
for producing the same. 

SOLUTION: The silicon semiconductor substrate is obtained from a silicon single crystal 
grown by a Czochralski method and contains nitrogen in an amount of 5 x 1013 to 2 x 101 6 
atoms/cm3 and carbon in an amount of 1 x 1016 to 1 x 1018 atoms/cm3. Further, the silicon 
semiconductor substrate has the density of crystal defects having defect sizes of "0.1 jxtn 
of '104 pieces/cm3 expressed in terms of the diameter, at least in the area up to the depth 
of 1 jxm from the substrate surface and has the density of crystal defects having defect . 
sizes of "0.1 )U m of " 5 x 109 pieces/cm3 expressed in terms of the diameter at the 
center of the thickness direction of the substrate. 
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(57) [gi^] 

X 1 0" a t oms/cm'j^±2 X 1 0" a t oms 
/cm'aTT*0. K^^:t**n X 1 0" a t om 
s/cm'tA±l X 1 0" a t oms/cm'fiATT&S 

5^ 3 7 +- ffi J; D WfiK L U 3 >^i^^;)v ^ 

1 iixm*T©^«fC*5liT, 1 




X 1 0" a t oms/cin'£^±2 X 1 0" a t oms 
/cm'MTT^D, X l O" a t om 

s / c m' lX10"atoms/cm' iUTTi^-S 
5^ 3 J; 0 Wf« Lit V U n >^ife^;Si ^ 

#fe->'Jn>##^S«T*oT, ^i>3a:<<!:t)S««® 
d'>5gi§S 1 MmSTc^MftEfC^oViT. ttSt^flLT 0. 1 
AtmJi^±0i^fl,^RgO^S75ti 0'<@/cm'JJATT& 

±OM®^PiSW«**t5X 1 0'e/cm'JJtJiTi&-5C 

[tt^«2] 1 X 1 0" a t oms/cm'eAJi3 X 
1 0" a t oms/cm'jy.T®SmS:#WL. 1 
X 1 0" a t oms/cm'M±l x 1 0" a t oms 
/cm' ^TOM^ ^^#-r ^ -> 'J 3 >iS!l!?^ J: 0 ^ a 
7 ft ct 0 Wfiit L fc -> 'J 3 >*ijgS;5i ^ f#/i -> 
ij n>i|^»#:*1S*, #SS^ttt^fflM{C*3^JT 10 0 0 

x:si± 1 3 0 0 "CiiiTrosaT 1 mmsK^mmm-r^ z. 

J:OW^-rsiStC. §l±iSdl*V (mm/min) , 
'J3>S!I!JK*^^ 1 3 0 0*ci-C®®ffi«fiBtC:feltSg|± 
«i:^(pI©i^artJaa^ffi(Z)¥i^ffl<£G CC/mm) if 

V/G^O. 2 (mm'/IC • m i n) 
t--5^«^T*l«-r«W*J« 2 {C|E«g©-> 'J n >i|4##:a 

[ttd<«4] 1 X 1 0" a t oms/cm'£<±3 x 
1 0" a t oms/cm'iJlTcO^^Sr^WL. 1 
X 1 0" a t oms/cm'JJl±l X 1 0" a t oms 30 
/cm" J^T®R^S:^Wr-5 -> U 3 J: 0 ^ 3 

3 >mi^mm^imvTU^ oi^mmt-r^ -> u 3 > 

[W^^5] 1 X 1 0" a t oms/cm'lil±3 X 
1 0" a t oms/cm'aTO^*S:^Wb. *»0 1 
X 1 0" a t oms/cm'^±l X 1 0" a t oms 
/cm' WTcO^^^^W-r ^ 'J 3 >^t^ J; 0 ^ a 
7 Jl/X ck 0 WfiX t V 'J 3 >^M^75^ -> 40 

ij 3>###:S®«B0JC. xtf^:^>'^;Pft{cd;0 v-U 
3 >*ISft@*ift«-rs C t *!Hffit tfS •> U 3 >i|^^ 

[W^^7] »^«2S/t«3{Cfla«<39i!!jg:frteK*5 

tiTff?,nfc->U3>mi^asis©«Hic. xtf5'4^-> 
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[0 0 0 1] 
[0 0 0 2] 

T, COP (Crystal Originated 
Part i c 1 e) <i:D?tfns>:(l(g75tag ^nxV^-S. 

->U3>3ii«#:a«$T>^X7-igai<t*^ 

c:©J;^tcii?«nT(/iS, COPttt;ioDJ;'5;^jai 
5^3i75;i.X+- (CZ) ftt)L<«SS«^^JpLfcC 

zft»cj;owfiK$nfc->U3>^ifeSTtt. coyxmo) 

fi5c{c#«;^cc O P SiSMafe^ VM«JiS$-&^ft$B<i: U 

[0 0 0 3] COPSrtBM^-a-SS^I^tLT. PiiSSW 
^<Dm<^mmfSi&mS.^ 0 . Smm/m l nj^ATt-rs 
Cl<i:*t^e>nTViS (i|#M¥2-2 6 7 1 9 

(vacancy) CDMSfiXftlf^T©#Aa*M^!>$ 

J;0. ?&^4'tc5l±r-g>jSfiSfD;5:S?LS;ia^|i(B (vac 
ancy) Lj&iL;^*^^. 

<tthiz, tefii:;p-y^©copttt»ij«(Djga^Bi 

[0 0 0 4] cop§t±^mi-t^^mtvx\t, mm 

^<Dif^wmm<^mm. mzmf^^Ami 2 o o*cd^^ i 
0 0 ox:<D&&m.m^mmr^mm(Dmm^^^^x$>^ 

Ct*<tt5nTV>S («W¥8- 1 2 4 9 3^1^18, # 
MJp8-9 1 9 8 3#^|B, #M¥9-2 2 7 2 8 9^ 

OP««OiSMTIS««ltal 0' fl/cm' g^Tife 
0. M?a:a<ft«> «aiA«l 0' <I/cm' £tT<D?BSS 

[0 0 0 5] Sfc. COPiaMft$B<i:l.TiiSSWB)cB${C 

msi^i^m-r^m.s s o'c~i i o o"c®iis®fflT<D 
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aSrW^K-r-SIS^^igSdn X l O" a t oms/cm 

/Mzmxmi 0 0 ox:&.±o)Mm-r!imm&.±mmm-r 

SnXVi^ (!t#M¥ 10-98047 ^i;^ 

m.) o ctnt. i^^nT&m\z^±r^cop(D^-(x^ 

X 1 0" a t oms/cm'coK^aiSTtt^JS^tlT 

[0 0 0 6] Sfe. ¥iiS^Wfi)tBtWCOP(£MStl5£ti1- 
AQ,31*rs;i<i:{Cj;D, a«SffiO C O P SriSM • tSSS 
9 3 6#4>^{Cti. 8 0 0~ 1 2 5 OTC-d OP^WJ^iT 20 

Mfcte^^n. h®Jt;^:*ffl< 

Sfc, i^MBSS 9-2 0 2 64^^ffitC«. :?Kai 

tBM^It. dO*Sji^e,0. 5 MmJJ^rtOCOPSBaS 30 
10' ®/cm' JUTi:-r«.^:i*t-C^S75«. *ffi*>& 

^&JCi?ilV>gP^©COP^aE* 1 C e/cm' t^Tt 

[0 0 0 7] $e.tC*:|£^#?,H, ^^#f4i7^A--fXf^fi)c 

•^m^o^m^-^^t^ -> u 3 >iMtssffl viT c z ftjc 

J: 0 WfiK bfc -> U 3 >^ jSS*^ 5 -> U 3 >^MW^ 
tSSr, 1 0 0 O'CjJ^il 3 0 O-CtiTCDiaKTlB^Wti 

If ^ ;Pfi!cS W -& ^ -> 'J a >*i^aa«0 

(4tW2 0 0 0-2 6 1 9 6#^ 

. c©J:5fi^^H-:/'coiiSa(ci3ViTttg r ow 
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t^Z,(0^ r own - i n i^RS«D Z«*f^^'r^[^^C^ 

ft -So 

[0 0 0 81 dOJj^JC^I^H-Xi&fflVijt^lSlBSiJffllS 
W©*K«g r own - i nS?*tffta<^C9*^!feJcfe-5 

[0 0 0 9] 

»«&t/^®iS!jfi:^SSil«t--5 :i S M -5.. 
[0 0 10] 

:/©->U3>^ii##:StS4'^C^^S■r-5g r own - i n 
to J? * *5 1 1 ^ W a o SS* * <t 0 iS V i ® 

[00111 BP*. :immt. ( 1 ) ->U 3 >i|&##:S 

^tfcDS^^WSJ&n X 1 0" a t oms/cm'lJAJi 
2 X 1 0" a t oms/cm'mTT^D, 
;0^1 X 1 0" a t oms/cm'iUJil X 1 0" a t o 
m s / c m' ^JUX^^^-ffitC J; 0 
b -> 3 >*iiSffi*^ e. f#fe -> 'J 3 >J|4#{^««T^ o 
T, '>ts.< i:t>S««®A>e>^$ 1 jtimSTcOte«IC*5 
ViT. ilSglSLTO. 1 MmJi(>±(Di^S^P(g®«a[dn 
0*^a/cm'e^T^?fe^3. a«cr)A?**'C>fC*3ViT. at 
0 . 1 mji^±©«gft^|5|^©^af 5X10' 

[0 0 1 21 (2) 1X10'* a torn 

s/cm'iJ(±3 X 1 0" a t om s /c m'JJ^TcD^^ 
S:^*"b, :f5^-3 1 X 1 0" a t oms/cm'J^AJil X 
1 0" a t oms/cm'fitT©^^S:##t"«)V'U3 
>g!l!«J; 0 ^ 3 7;i/X=^^-«Jc J: 0 Wfi5t Lfc V U 3 > 

{C*5liT 1 0 0 0 "CJi^± 1 3 0 0 x,\>xv<r>mMx 1 BtW 

jait:^ffi-eifeo.T. S6.»c (3) >''j3>^<as*^3 

i7^;i/X^-ffitcj;0W^ST^(Stc, g|±iSS€'V (m 
m/m i n) . •> U 3 6 1 3 0 O'CSTOM* 

CC/mm) ifSt^. V/GSO. 2 (mm'/'C 

[0 0 1 31 2|s:^?g«^fe. (4) IX 10" a torn 
s/cm'£t±3X 1 0" a t o m s / c m' iJlT©^^ 
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1 X 1 0" a t oms/cm'£;^±l x 
1 0" a t oms/cm'aT«M*S-&#-r'5->'J3 

^ (c J: 0 U 3 >^)iS^B bT^i « ^ <!: ^1$ 

[0 0 1 4] (5) IX 10" a torn 

s/cm'JU±3 X 1 0" a t om s /c m'JUTOSl^ 

^-^WL-v X 1 0" a t oms/cm'Ji!.±l X 

1 0" a t oms/cin'jJ>lT®^m2:^W-r^->'J3 10 

>iS!l!«J: D 5^3 57 J; D WfiE b)t-> U a > 

to 0 1 5] (6) ±R (1) IBittDv' 

[0 0 16] :*:5£WiSfc (7) ±fa (2) 

(3) tC|H«WMjfi:;^tttC*JViTf#e.nAcv''j3>*^ 20 

[0 0 17] 

[0018] 1 ©-> u 3 >^mi^&m 

tt, ->'j3>i|i##:S«4i©g^^:t«:^n X 1 0" a 
t oms/cm'ei±2 X 1 0" a t oms/cm'iHT 
Ta&D. X 1 0" a t oms/cm'iy. 30 

±1 X 1 0" a t oms/cm'e4TT«.-5eF3i7 7;U 
X^-ft tc J; WfiX Lfc -> U 3 f#fc -> U 3 

Mm*TC[)«*S»C*3ViT. ilg^^TO. 1 AmJ&l±(^> 
i^a^RSWSBtfdn 0*ffil/cm'£AT-C*0. 

;5»itf.ij'tc::teliT. itffi^W-eO. l iimSJL±<Di^^iKf& 

[0 0 19] fAis, c:c:TVi-5ilSa^RlS«c^*n«t>o 

[0 0 2 0] ->U3>*ife®4'{C^^&^A-r*CttC 
^ftLT. i^S^'{c?S7L^I%*m-&T, 10' m/c 

/N«®w«s/htf-y h<D^±^mm-r^tzmz\t. i^uzj 

>'yx;\t^<D^m-^^Sk^ lxiO"atoms/cm 
"JJt±2 X 1 0" a t oms/cm' &rft-r^^W-6^ 60 
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25 •So 

[0 0 2 1] «Sf 1 X 1 0" a t o 

<. 2 X 1 0" a t oms/cm' Stc^cSti^aWfiS: 

^mis.vxmi&oi&i^^mt^'&rcr). -s^izmmmiz 

^a«. SIMS (Secondary Ion Ma 
ss 8 p e c t r o s c o p y) D 
aa5tT€-5. fibs I MS»lj£C9«^l 0":t-^^-«> 

Tit, ^ro«^Tfe^^©m^AV\--;/i7 5^7'i7>H©m^ 

0. :i(Dm^x"h^mwii]a<D^^\mmiz&z.^. 

[0 02 2] *:5EMfC#S^ 1 © -> U 3 >*igaatR 

\t. ±mvrz^vfj.m^mmT^m^'^m-r^::tizi]\i 
AT. ^^.fciK^^^^-r^o ->U3>mMS4'®M« 

T, ^3tbfciOi«SBaP©Wa#»*J^fiKt-SC:t7&*nISg 

[0 0 2 3] Cl©->>j3>K«ff©^^©^«tbT 

1 X 1 0" a t oms/cm'|J^_hl X 1 0" a t 
o m s / c m' t f -5 S . 

[0 0 2 4] «tR>f©^^^*»*^. 1 X 1 0" a t o 

m s / c m' ^mx\t^mn^^ < ^ xm^mzit^^m 

^cJ;S^R:|5(gsa©lt^©^**^^-^T;^c<, -::^i x i 
0 " a t o m s / c m' i@Tt±i!gSfi)tfi©l^.3}? U ftd^'S 

[0 0 2 5] ±mi&mmx^m:ti.kzf^m>&^^Lft 
mm^i^:f}mm^'^^f!ii-rxxm^^mzf)^^mi^± 

[0 0 2 6] xAWX©«jtW34«ttl*?8^fcg|#ie;i 

<DX$>i}, Z.(D±^-^^r),ls^\,:.Xmi-iWm\Zti<hti.l^ 
Ci75i^V». ->>j3>iii^#:^ig©7^A-'rxf^^ 
Ttt. SiSA^^SPS 1 MmST©^«©^|i(S*ta6e* 0 

TirS. ^|i|B?BKtbT««i:«^«tri 0' iS/cm' 

UTXS^mtl cmx 1 cmx 1 Mm©^*^{c^^BiB 1 
©HiJ^T^O. ?a«E©xA*-f x©:*:#r$S:5tiS-rstS 
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[0 0 2 7] —15. *«©M^*'5^^lC*5ttSXRg 

d^S* L < . itgJIlSCt? 0 . \ ti m&.±.<r>m^^m<D^ 
ffi*i5 X 1 0'fla/cm'£A±Ta&^i:, #^^tcfinfc-1' 

>hu>->yi7y-/^u>i;^ (iG) timn-^^^. ts. 

[0 0 2 8] c:©J;'5;^j;*%?«tc^^^i w->Un>iii lO 

[0 0 2 9] UA^b^C^^^. ±]g'l4fi<^4^a<){C4:»W 
0'> U n >^»4SSt#:a«*SiS-r«fci!&lc«, 1X10" 
a t oms/cm'£i±3 X 1 0" a t oms/cm'UA 20 
TC!5^I^<£-^#L. A^-::? 1 x i o" a t oms/cm' 
iJ^Jil X 1 0" a t oms/cm'iy.T«^m*^Wr 
*->'Jn>|S!!Jg*fflV»T> CZffiX«fi8i«EPj!)aCZte»C 

7 X 1 0- ' -cab 0 . *fci^^®<gWfiliac« 

0. 0 7TafeoT, 1 X 1 0" a t oms/cm' &,±. 
3 X 1 0" a t oms/cm' mTCDS?fe«:^Wb. *^ 
Ol X 1 0" a t oms/cm"£A±l x 1 0" a t o 
m s / c m' £iT©^^S:^WT-5 -> U 3 >B!SS€:ffl 

n«, 1 X 1 0" a t oms/cm'£A±2 X 1 0" a 30 
t oms/cm'£lT«^3S***L, d^oixio" 
a t oms/cm'jy.±l xi 0" at oms/cm' 

[0 0 3 0] CZftfcb<«fiSJ»EnJ!jDCZST 
i|iS**Wfi)tf SIS, gi±a«*V (mm/mi n) t 

>''j3>g!t;^75»?, 1 3 0 0'C*T<©?a*ftHtc:*3lt 

sgi^±tffiii:^iPjoiigsrtSK^Ba©5|ij^tt*G rc/ 

mm) tT-Stfr, V/Gfii*0. 2 (mmf /TCm i 
n) £t±0^ft^©fct-e, 1 X 1 0" a t oms/cm 
' £A±3X 1 0" a t oms/cm' mT<DS^$r^W 40 
L, ji^tJl X 1 0" a t oms/cm'Jil>±l x 1 0" 
a t o m s / c m' UJlTW^^S^^-T S -> U 3 >g!l!Jg 
J:»3W^b ()l«©git±tfJPT«c:n«gi±jgSif!«l 

1 . 5mm/m i nI^±T. 5 x 1 
0" a t oms/cm'£A±2 X 1 0" a t oms/c 
m'iJlTT. X 1 0" a t oms/cm'£t 
±1 X 1 0" a t oms/cm'UTJ-**lSf , 
roilSft*^ e, {^B5t Ufe^##:«1S*ffl (.^Tf^Mi-r S cfc ^ ?i 
f^SaSSff ^:itJCctt), atBSs^RSfii* (DZJB) o 
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[0 0 3 1] ;i©j;'5;^tv'Un>^ijgS7J^ef#;^c>''J3 

000 -Ct-^i 1 3 0 0 TCtAT^Mail? 1 ^MtA-h3Sl«!ia 

[0 0 3 21 lM0ymzt^^f^\Z^m^ 1 X 1 0" a t 

oms/cm' £AJi2 X 1 0" a t oms/cm' jy,T 
1^^^ 1 X 1 0" a t oms/cm'j!y.±l X 

1 0" a t oms/cm'i^T-^^r-rSiigSitiiiSSf CD 

•3. i^msMat>i 2 0 oresoiisMd^'iJST^D. 

StcMbTfil 0 0 O-CiJlJil 3 0 0t:jJlT. b< 
«1 1 0 OX:^k±.l 2 0 0*CJilT*^jS^T$.^. Mifdi 

(S^i<i:B^?sgo^1-:^i£fc^c^;^:ol^WSSb. SS^iiiftf 
ft*^e^;S:<;^j:^. ifc. 1 1 5 0'CJ!JI.±T«ii5MlC;^J: 

Se-pT. iCJSfj:DZ»w^$:J3J;y:«i$M/j:lgjia*^e,«) 
f^«aaii#W©WWI^WSg!l?gb;^i:*«6., «E©SKfgffl 

[0 0 3 3] *fc. ^S^^go-i^X^JC^ol-iTrtSPO^m 

oi4jt:^s*fflVinjs. aisoi G':7XActofej;D^ 
[0 0 3 41 tmmnm%tvT\t^:ji/smm<Dm^m 

J: 0%^bfc«faiX|i(BSr^M{CfNMS-li--5 td^Tlf S 

giftt®«js*^e,7;i/zf>^fxd<ii*bv». -^w^fttft^jine 
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[0 0 3 5] $^it#ia-r'<««. mmm^>izmAr^ 

^«>e#) ©a T # -5 IS 0 M ?> -TiK^S*^* ^ t S , 
*J^AS;t*T&§. ::®;iSJ'MLTtt#W¥i 1-1 

3 5 5 1 l^^®Tm}SLTVi^t*5DT$>S. ^ft. 

©8(i*$fflV»TS?ftM?i«9JCi!SS«ia»C#?5ElxfcC O P fcf 

[0 0 3 6] 3?ffla;yx<hLT#^ftttl?HMT«fj; 
< . 0 . 0 1 V o 1 1 0 0 V o 1 %UT^ 

<D«tbT«^%d^a* bvi*?. 1 0 0 vo 1 %wtm:fs 
x^m^^^zLiihaim-c&^o m-^mti^o. oivoi 

x>^^^\z<smiti^uu<irj:<uo , mm^M-^-s-^^ 
hAm<fi^o mmm^<D'y:c/\mm\zit. mm 
m'p\z?t^Lrzmm\z^K>f^^xm<Dm\ -fb^x-^ so 

mmmmifil. OMmJ:r);^^tit. iSgSI^TO. 1 
Mm«±®ifS*Xlf(8©«K/0n 0' <a/cm' £ATT* 

[0 0 3 7] SK±<DJ:^\z, IgaWfiKolStc^Sfefcitf 
tcSn;^, ':7XArt6P{c#P#lc?i5?BJEO^Hi^«:|ilS&Wr« 

[0 0 3 8] 'A\Z, *5£?«fC«^^2 0i/'j3>*i^a 

1 X 1 0" a t oms/cm'JJl±3 X 1 0" 
a t oms/cm'JBlTO^^&-&*rU, 1 x 1 0 
"at oms/cm'tJt.il X10"atoms/cm' 

jjtTo^^£#*-r«. -> u 3 >mmj: o^ai^ ^ji^x* 
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xtf^+->^;i/ffi(ci;«j->U3>^ife 

[0 0 3 9] S5g& 1 X 1 0" a t o m s / c m' JJt Jt 

3 X 1 0" a t oms/cm'iilT<^«a!T. Sfc^* 
Srixi0"atoms/cm' JU(-h 1 x l 0 " a t o 
m s / c m» &.T(Dmmx^mr^ ^ -5 iCfiXS $ -Sfc -> 

^Risr^^^-a:^. ii^. i^^fS,mmzm^mm^n i 

5 0'C~ 1 0 5 0'CSffi©«eBB®Jt«{fWifiSMT^?L^|i(B 

mm^<Dmmmt:m&v. mmmiz^mx^mits^ti 

S3£;^j:*rai<^&J^«!£b. xfc!^'^xi';i/fi)tfixigic*5tt 

-5Kf?»MaxeT& 5 zKs^Maxe^x tr^s' r ^i'* 

"Ja>>^7XA^ffiffiittc#4-rs%)0«^M{C:Ji-^ • iR 

ifg-r^. •y-'fx'*^ifiS^stTo. iAtmJu;± 

«*ix tf ^ 4^ -> ^ ;UBCD^75: fx t: 5' ^ -> A- ^l-W^* 
Stl«)->'Jn><:7X/N^ffi*>?,'>;f^j:< t-fogg^ 1 wm^T 

[0 0 4 0] a«rta5o«iSB/iB63g#rffiWi, S 

'h^±\z\tmmmm'^r, mmnkMxo. iu.m&. 
^^ici^a^iifss^es-a-. umzit^xmmiz i g^* 

[0 04 1] «eoT. ::(DJ:'^fj.^m^^Z^^m^m^ 
»^^rf S>'U3>'i'XA2:ffll.iSCli:T, iO^ik;^ 

[0 0 4 2] z(Dm2(Di-u^>^mi^^m=^mm.r?> 

Jc:*3ViT«. 1 X 1 0" a t oms/cm'J!^±3 X 1 
0" a t oms/cm'fiiToS^Sr^^b, *»o 1 x 
1 0" a t oms/cm'lJt±l X10"atoms/ 
c m' UT<D^m^^^T^ > 'J 3 >it^€rffl V^T C Z 
ftx«m«Ep»nc Z ffitC ct 0 U^c -> 'J 3 

«JitC->U3>mi!gffiB«rXe3'=1r-> 
v;Ufi)cfi$-B-*. xtfiS' + ->v;i/fi5cete«, M+BfiJtfiS 

(— )ia:{cfi9 0 O'Cib^e, 120 0*C<Dieffll^©— 3£ 
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[0 0 4 3] i>:tC*%g«{C'^-5m3«->'j3>i|4^*lJa 

[0 0 4 4} -r^^itj^. ^3 0->gn>^##:««l«. 10 
->ij 3>ii4»*|cS««t>©^^^Wa*t 1 X 1 0" a t o 

ms/cm'JW±2 X 1 0" a t om s / c m' JJ(TT* 
D, i^m^^Mti^l X 1 0" a t oms/cm'JJ(±l 
X 1 0" a t oms/'cm'£;TTib-55^3i/9;PX^ 

m7t)^5Xl 0'e/cm't^±Tfe^->'j3>^ii»#:a*R 20 

•r -5 -> U 3 >#^#:»|R t -5 1) OT^) ^. 
[0 0 4 5] ^©^3 0->U3>i|s^^^»«<&iaiftT^ 

^ 2 ©->'J n >m^©|si)ttc*3tt^x tf5'^->^;L'j* 

•rtit)t>. IX 1 0" a t oms/cm'JJt±3X 1 0 30 
" a t oms/cm'ttTO^^*-^#L, Ti^t? 1 x 1 

0" a t oms/cm'eJl±l X10"atoms/c 

*K^I:^4l?H^^c*3^iT i o o otDiJA 
±13 0 o-ct^TcoaapTistwiJiii^iaaL. i^ma 

SilS * X tf ^ -> -^^ -a-s . 

[0 0 4 6] Z.<D^^iZ. 2|E5£IB«)^3©->'J3>i|£« 

mr^ftiibiz:iLi:^^i^^)mmnzmmm9m^m 
L. mmt[Hm<Di^M,9LV(6^m<Dm^mmiz^'^^:fii& 

[0047]^10->>J3 >###:S«JC^SSjfi:^te 

izis\ir^tmis^<Dm^i!)^^. mfsmmstiti o o o'c^; 

±13 0 OX:&LT. a*b<«l 10 0'Ca±l 2 0 0 
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j^\^^^>'^')vmmm(Dfzsb\z \tyfmm<m(Dm^ ^ 
mji^-t^rc6f>iz4f^mm:fS7.nm^^x'm!i!km-r^ ^ t 

^^cXtf^S' + v^^Jl/fifeSlCOViTtt. ^2 

©-> u 3 >i¥^mi^mm\z^^mm.:^mzis\,^Tift\zm.m 

[0 0 4 81 

« c n e. ® igjfi^y oia« J; o e IB« $ n s 

[0 0 4 91 SIJE^^J 1 
4><D^^}g**n. 5 X 1 0" a t om s/cm' i;^cC 

^^vizmmmi^^mmv. ^tcmmizmm'poDmmm 

m*^l X 1 0" a t oms/cm' iiU^^oizmt^ 

m^muavfto <i<Dnm^m^^Tmm2 0 omm, \tm. 

trt 1 0 Q c m(r>mm^nt^o ijsa*Wfi)t-r-5i85co^i^gi 

±MWitm 1 mm/:a--efe-p Z. ©i^a*-> 5 -> U 3 > 
"i^^XA^fef^^Lfc. ->'Jn>':7XA4>®M^}iS(i*«jl 
X 1 0" a t oms/cm'TSO, S^SKJil. 5 
X 1 0" a t om s/cm'T*o;*to 
[0 0 5 0] Z.<D^X.;\<Dmm\ZY)Zm^^liSCt^tz.>st> 

fc. 8 0 ot:Tf^Ma*prttcJfAb. nx^iiox:/^ 

T#Mb 1 1 5 0TC-C8l^W«gj*Lfc^. - 1 O'C/:^' 

>;itfx*3.-x#'r > v-Qmt^m\z^^n^hrzii7. 

;tfXti'<D5F*E#l»««5 V o 1 p pmfiATT 

vifc. ^t:Lmm.o^mxmz\i.^mzm-y^ntcn-'yif. 

<Df?i8^*«:f 5 V o 1 p pm«TOT;i/r/>#H^ 

[0 0 5 1] cicDSftiaaft, $5{;:Tiso«ncs^-r2 

itSSiffTO. 1 Mmti±«i^^^P(l©««, JJckCKS 

1 \z7Fi-t, 

[0 0 5 2] ]AMm 1 

Ti(sasw^b/i. f»e.nfci©aj:of^fiRbfc'?xAtc 
*fb. ig]S6^ji trauDzwf^fiit^ma^ff^fc^, n 
ss«^i tn«©2©s?ftiaa^ifv». ^wssB^^ai^b 

ife, nibntci^^^^wzTfit. 

[0 0 5 3] )XMm 2 



m 
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mm 1 tmm<D2mmmm=s:n^\ inm^m^m^v 
[0 0 5 4] itnm 3 



1 i:i5H^icLTi^s^w«sbfco m^nrz^m^ 

[0 0 5 5] 

[«i] 





7=.-)V 


500^6 

1000"C16^F^ 


700*C5 

loocciei^ftl 


800'C4^ra+ 

looccie^ra 


900136 

looocisi^ra 


mmmi 




8E+09 


7E-I-09 


5E+09 


2E+09 






5E-H)8 


«lJETIiB£tT 
5E+08 


5E-H)8 


5E-I-08 


imm2 




5E+07 


^+07 


4E-f07 


4E-I-07 


tmm3 




3E+06 


3E+06 


3E+06 


3B-I-06 



[0 0 5 6] « 1 ics^-r J; 5 tc, mmm i .titfe^j i ~ 

[0 0 5 7] ^SS^J 2 
±181^*1^ 1 Tffl Lii^c O t |^it©«ga*^ 6.f^l?)c Ufc -> 

Vi, Xtf374^->^;l.r>XASrf^fi$:b/t. 
[0 0 5 8] S.\f.i'^i^^}V^X.;\(DmM\Z$)':>X\t.. 

S«<£xbr^:^-->^;i.fiRSI^«{c^^U, *^:i!fX3?B8 
^t^Tl 1 0 0'C~1 1 5 O-C^T^SL-. t(Dl^m\L 
7K*;yx{CJ;^x->V>y*^5i-fTVv hUi7DjU->5 
>;tfX$:fflt>Tl 1 5 0'CT'>.XAaHJCXtf5'^>'^ 



20 [0 0 5 9] XtfiS'4^->^;i^r;7XA$rf^figf*, $?.JCT 
ia®^2{r5^-r2g:I^J{iaSrffVi, ':>XA«ffi75^e,l M 
m©ai$tC*3tt-5iitffi»i^T0. 1 MmUt±®itea^«:Rg 

[0 0 6 0] Jt*l«0y 4 ~ 6 

mmm2\zis\^x. xt^^'^^->^;^^7XA<D««tu 

T, ■?-n-€'tlJt«l50!ll~3-tffflVifct)©<»:ra«(OteS*i 

e.f^^b;t->'j3>>::7XA$fflii^J&^^«, mmm2iL 

fzo »5nfci»«*^2fcjs-r. , 

[0 0 6 1] / • 





rx-;v 


5oo"C6 nm+ 
ioocrt:i6^f!a 


700*05 ^IBI+ 
1000t:i6^ffl 


800*C4^ia+ 

iooot:i6Kjra 


900*06 
1000*016 ^IQ 






8E+09 


7E-H)9 


5E-H)9 


2E+09. 






5E-H)8 


5E+08 


5E+08 


5E+08 


it«l!|f!l5 




5E+07 


4E+07 


4K+07 


SBIJETIBfiilT 

4E+07 






3E-H)6 


3E-K)6 


3E+06 


laieTifietT 

3E+06 
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[0 0 6 2] «2tw^t-j:-5tc, mmm2 t^^m4'^ 

[0 0 6 3] tjiiS. y-iy^^Ait-r^T3 0 0use 

[0 0 6 4] HiffiW 3 
XmtVTm^\ xif^':^^->^;i.r>x/N<£f^fiKL;^. 

[0 0 6 5] Xtf^5'^-> + ;i.<i7X;NCD®JiitCfe-:3Ttt, 

MrtTi 1 0 o'c~i 1 5 o"c*-c#jaL. t<Dmm.i\L 



16 



7K^;^fXlcj;5x<;/5^>-^i'S-|^^ffVi, V-^Ji7a)V~>^ 
>D7.im^^T 1 1 5 O'CT'^XA^tSJCXtf^'^^i^^ 

[0 0 6 6] Xtf:5'*->i';U';;XA*f^^«, $&{CT 
fSoS 3 fc^-r 2 g:^«!ia*fTV^ -i/x/NSBd^ ^ i /x 
mOggS fCiJtt ^ itS^^T 0 . 1 u mU±<Dl^^xm 
<om&, '?XA«M;5^e>6Mm©gi§$ (7C^©S«*ffi 

[0 0 6 7] ltfe^J7~9 

6 f^fiE b -> 'J n > X A S: D Z f^^^ma L © * 
fflViSJJt^1>«, nigral 3 tragic LTX If ^J' 4^ >'^;|.e7 

XASrf^figb, ^SJCllM^aiS <!:l^«fC2SI^Ma^ff 

To 
[0 0 6 8] 
[«3] 







50ot:6 i^iig+ 
looo'cie^fsi 


700135 

1000*C16«r|8I 


800t:4^Bg-H 

1000*016 mtfsi 


900t:6 
iooot:i6 




His lMinT(D^H&«« 


7E+05 
8E+09 


5E405 
7E+09 


3E+05 
5E-H)9 


1E+05 
2E-K)9 






lE+05 
5E-f08 


lE+05 
5E-K)8 


1E-H)5 
5E-M)8 


1E-H)5 
6E-K)8 






1E-K)6 
TE-fOe 


1E-H)6 
5E-K)6 


lE+06 
5E-H)6 


lfe-K)6 
5E-K)6 






1E-K)6 
1E-K)6 


lE+06 
lE+06 


1E-K)6 
1E-K)6 


ffiO«TfiSOT 
1E-H)6 
1E-K)6 



[0 0 6 9] «3ics^TJ:'5(c, mmmsttt^mi^ 

9^it^^t, "^^XAgHoDZS (xt;^':^^->^;i, 
[0 0 7 0] 



rztf). iSi««KoBiVim«tt&s*$n^Mos7^A*-r 

Xffl X A S:S jif -5 © tCftjgTafe S . 



(72)5fiw# ±m m. 
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F5^— 4G077 AA02 AA03 ABOl BA04 DBOl 
ED04 ED06 EH09 FEIl GA02 
HA12 TKOl 
5F046 AB02 ACOI AC05 AD15 AF03 
AF16 BB12 EB13 
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